ABSTRACT Thermal radiations and effective characteristics of the nanoparticles play a vibrant role in the heat transfer enhancement. This work aims to investigate the influence of thermophysical characteristics of nano-diamond (ND) and silver (Ag) nanoparticles on the heat transfer intensifications in the nonlinear radiative and dissipative flow over an arched geometry. A self-similar coupled nature of the nanofluid model is acquired via similarity transformations. Furthermore, the mathematical treatment of the model is carried out by the RK scheme. Moreover, stimuli of various pertinent flow parameters on the velocity, heat transfer, streamlines, and isotherms are examined graphically.
I. INTRODUCTION
Flow over stretching surface acquired considerable interest of the researchers and engineers owing to its versatile applications in engineering and industrial zone. Thus, analysis of the flow characteristics over stretching arched geometry cannot be disregarded. Remarkable applications are comprised in spiraling of fibers, glass blowing, paper production and cooling of incessant strips etc.
Analysis of heat transfer acquired considerable attention of the researchers, scientists and engineers owing its versatile uses in industries as well as engineering side. It is a renowned fact that thermal enhancement in conventional liquids is not up to the mark for production of various products in industries and technological purposes. The utilization of carrier liquids is not fruitful for those purposes which needed a particular amount of heat and caused so many issues to accomplishment of such purposes. To acquired considerable thermal characteristics for the productions, an innovative class of liquids is needed to accomplish favorable heat transfer and overcome
The associate editor coordinating the review of this manuscript and approving it for publication was Navanietha Krishnaraj Krishnaraj Rathinam. these issues. new However, the researchers focused on this major issue and finally developed an innovative class of liquids introduced. The development of this class proven very effective and resolve the issues regarding to the production purposes. The primary work for development of such liquids reported by Choi and Eastman [1] which examined thermal enhancement in carrier liquids composed by tiny particles of various metals and their oxides and entitled as nanofluids. This innovative type of fluids resolves all the complexities which faced in the industries productions before the exploration of this class. Nanofluids unlocked a new door towards advance analysis of thermal characteristics which comprised in chemical synthesis, biotechnology, electronics, computer chips and many electrical and mechanical mechanisms.
Among thermophysical characteristics of nanofluids, thermal conductivity is a key ingredient which enhances the heat transfer effectively. However, several mathematical models developed in this regard. Thus, many researchers performed experiments by considering various carrier liquids in the existence of tiny particles and proposed an innovative correlation for effective thermal conductivity. One of these is renowned Buongiorno [2] correlation which reflects VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 3.0 License. For more information, see http://creativecommons.org/licenses/by/3.0/ both thermophoretic and Brownian motion characteristics.
Later on, another model proposed in [3] which deals the influences of particle shapes on heat transfer characteristics. Some other models comprise Xue's [4] and Maxwell's [5] . Several attempts have been made to examine the thermal enhancement by implementing aforementioned correlations. Some latest studies under various circumstances described in [6] - [9] and [10] . In late 19 th century, the concept of carbon nanotubes introduced by Iijima [11] which has unique catalytic, chemical and mechanical characteristics. Carbon nanotubes characterized into two sub branches termed as single walled carbon nanotubes and multi walled carbon nanotubes which abbreviated as SWCNTs and MWCNTs, respectively. Favorable enhancement in thermophysical characteristics of carrier liquids composed by carbon nanotubes has been explored. By composition of carbon nanotubes in conventional liquids, many researchers examined the flow models to enhance thermal characteristics in different situations which embedded in [12] - [14] .
Lately, researchers focused on the boundary layer flow over a curved geometry in the existence of various physical parameters. Such sort of flows has remarkable applications in many industrial and engineering area such as electrical wire coating, polymer sheet, paper production and manufacturing of food etc. Boundary layer flow characteristics over a stretching sheet examined by Sakiadis [15] . Afterward, Wang [16] , [17] extended the boundary layer models for stretching surface and cylinder.
Besides convection and conduction, another way of thermal transportation is radiation which is one of the significant mechanisms in many industrial and technological purposes. In 2018, Reddy et al. [18] extended the flow over a curved geometry by encountering the mechanism of nonlinear radiative heat flux. His study contained the influences of cross diffusion and found dual solutions for the model. Resistive heating is a useful mechanism to produce heat in conductor in which electrons transfer energy to conductor's atoms by means of collisions. Influences of resistive heating and linear radiative flux on flow over a curved geometry described in [19] .
From careful literature review, it is found that influences of Nanodiamond and silver microscale particles in the flow characteristics of H 2 O over a curved geometry is not examined so far. To fill this gap which is very significant from industrial and engineering point view, this study is presented. Moreover, impacts of various flow parameters are explored for shear stresses and heat transfer rate over a semi-infinite domain and lastly, significant outcomes are incorporated.
II. MODEL FORMULATION
Consider streamline flow of Nnaodiamond-H 2 O and Silver-H 2 O flow over a curved geometry in curvilinear frame. The nonlinear velocity of curved surface is u w = bs m , which is function of s. Further, a is radius of curved loop and let T w and T ∞ is the temperature at the curved surface and far from it. Depending upon the values of m, two cases arises:
i. m = 1 corresponds to the flow along linear stretchable sheet. ii. m > 1 corresponds to flow along curved geometry. The flow configuration of the model encountering the influences of nonlinear radiative heat flux given in Figure 1 in curvilinear frame.
The set of PDEs governing the flow of Nanodiamond-H 2 O and Silver-H 2 O over a curved surface comprising the influences of nonlinear radiative heat flux is as under [18] :
and feasible dimensional conditions are: At r = 0:
At r → ∞: Moreover, radiative heat flux is listed as:
Here,σ andk are Stefan Boltzmann constant and mean adsorption coefficient, respectively. The following models are utilized to enhance thermal and physical characteristics of the model:
Thermal and physical characteristics of H 2 O, A g and ND (Nanodiamond) particles are tabulated below (Table 1) . [18] , [20] .
The similarity variables defined by the following formulas [18] :
To analyze the impacts of nonlinear thermal radiation, following effects are incorporated:
here,
is known as temperature ratio parameter. After incorporating the suitable partial differentiation and necessary calculations, the following model is obtained: 
and auxiliary conditions for particular model are given below: At η = 0:
At η → ∞: and incorporating physical parameters are:
III. MATHEMATICAL ANALYSIS
The particular model is treated numerically by employing RK scheme (Described in study [8] , [9] , and [21] ). together with shooting technique. For this, the following transformations are introduced:
Incorporating the transformations described in Eq. IV in the model given in Eqs. (14) and (15), we arrived with first order system and then employing Mathematica 10.0 performed computations successfully. 
IV. GRAPHICAL RESULTS AND DISCUSSION
The self-similar flow parameters playing fascinating role in the flow characteristics over the domain of interest and graphical depiction is of huge significance which illustrates fluctuations in the flow characteristics for varying parameters. These alterations are discussed in this section for velocity, thermal distribution and thermophysical characteristics. Figure 2 (a) reflects the alterations in fluid velocity for upturns parameter m. It is examined that m opposes the fluid velocity F (η). The alterations are prominent in the region 0 < η ≤ 2 for both ND-H 2 O and Ag-H 2 O nanofluids. For Ag-H 2 O, velocity drops promptly. The reason behind this is the density of silver nanoparticles which is almost three times greater than that of ND particles density. However, the composition of Ag and H 2 O is denser comparative to colloidal suspension of ND-H 2 O. Consequently, the intermolecular forces become stronger for Ag-H 2 O nanofluids due to high density. Therefore, the movement of Ag-H 2 O declines promptly comparative to that ND-H 2 O nanofluids. The quite weaker intermolecular forces in the case of ND-H 2 O nanofluids allow them to move promptly over the domain. It is noticeable that for larger curvature, nanofluid velocity enhances. Due to less density of Nanodiamond particles, composition of ND-H 2 O is less dense in which the internal forces become weaker which allows the movement of fluid molecule promptly. Consequently, dense composition of Ag-H 2 O lead to stronger internal forces due to which the momentum of the fluid increases slowly. Far from the surface, these influences declines and asymptotically vanish.
The self-similar parameters, thermal and physical characteristics of the various metals and oxides play vibrant role in enhancement of thermal characteristics of the flowing fluid which is widely used in industrial and engineering zone.
Heat can be transfer by means of several ways like conduction, convection and through radiation. All these heat transfer ways have their own significance in different scenario but, heat transportation by means of radiation attained much interest of the scientists and researchers owing to its multifarious applications in daily life and in industrial area as well.
The radiation parameter which described as the quotient of Stefan Boltzmann constant to the thermal conductivity and mean adsorption coefficient is one of the potential means of heat transportation. It is renowned fact that the adsorption 55514 VOLUME 7, 2019 allows the deposition of the molecules on the surface and more molecules of ND-H 2 O and Ag-H 2 O remains at the surface which allows declines in the nanofluid momentum consequently, due to less collision between ND-H 2 O and Ag-H 2 O nanofluids, temperature decreases. Transpiration of heat at the surface drops for more radiative fluid. For Nanodiamond-H 2 O, heat decreases promptly comparative o Silver-H 2 O nanofluids. The reason behind this is the less thermally conductive nanoparticles of Silver. Further, far from the curved surface, heat transportation asymptotically vanishes for sort of nanofluids. These influences are incorporated in Fig. 3a .
The stimuli of curvature parameter K on thermal transportation demonstrated in Fig. 3b . The parameter K opposes the fluid temperature. For more curvature, nanofluid temperature drops promptly in the vicinity of the curved surface. Due to high density of Silver nanoparticles, in the composition Ag-H 2 O collisions between the molecules becomes prompt which allows the molecules to transport heat from one to rest of the molecules promptly comparative to ND-H 2 O composition. Consequently, heat drops in Nanodiamond-water is rapid. These effects are elucidated in Fig. 3b .
An Eckert number which links the kinetic energy and boundary layer enthalpy difference play dynamic role in the heat transfer mechanism. For upturns Ec values, effects are elucidated in Fig. 4a . The Ec parameter allows the increment in the nanofluid temperature. The Silver nanoparticles are denser comparative to Nanodiamond particles. Therefore, the colloidal suspension of Ag-H 2 O is denser than ND-H 2 O. Consequently, the molecules colloid promptly in Ag-H 2 O se due to which the temperature enhances. These alterations are elucidated in Fig. 4a . On the other hand, fluctuations in the temperature by fluctuating temperature quotient parameter β w for ND-H 2 O and Ag-H 2 O highlighted in Fig. 4b .
It is very fascinating to discuss the streamlines pattern for varying different quantities emerging in the model. The flow pattern is explored for both Nanodiamond-H 2 O and silver-H 2 O nanofluids. inspected that for larger curvature of the surface lead to more curved streamed line flow. These patterns are highlighted for K = 4 in Figs. 6a and 6b , respectively. Figure 7 elucidates the flow pattern for parameter m. It is worthy to mention that m = 1 corresponds to the case flow for stretching sheet while, m greater than 1 corresponds to curved surface flow. These stimulations are portrayed in Figs. 7 and 8 , respectively. For m = 1, streamlines grow linearly. In the case of curved geometry, streamlines pattern is very interesting. It is investigated that near the curved, streamlines are almost similar for both types of nanofluids. But, for Silver-H 2 O, backward flow pattern is noticed away from the surface. Further, 3D scenario of the streamlines for Figs. 7 and 8, depicted in Fig. 9a and 9b , respectively. Figures 10-12 portraying the pattern of isotherms for varying thermal radiations. Figures 13a and 13b , elucidating the impacts of volumetric fraction φ on effective thermal and physical properties of the nanoparticles. The results for thermal and physical properties are plotted for both sort of nanofluids. It is noted that the nanoparticles with larger volumetric fraction within the domain, enhances the effective density, heat capacitance and thermal conductivity. From Fig. 13a , it is obvious that thermal conductivity is directly proportional to the volumetric fraction φ. High volumetric fraction caused the prompt upturns in thermal conductivity which enhances the fluid temperature effectively. Other characteristics like density and effective heat capacitance increases by fluctuating φ from 0.05 to 0.20. Thermal conductivity of Silver nanoparticles increases quite promptly comparative to ND nanoparticles.
V. CONCLUSIONS
Novel analysis on the flow of Nanodiamond-H 2 O and Silver-H 2 O is presented over a radiative surface. The key outputs of the analysis are as under:
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